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ILBOP is a FORTRAN coded interactive beam optics program
written for small time sharing computers. It now runs on the

1

NCN™ system (Honeywell 1648 computer) in less than 16K. Al-

though this code has many features in common with BEAMTRC,2
it is considerably more powerful and usually more convenlent
to use. The principal features are:
1. 5 x 5 transfer matrices.
2. Tracing of up to ten rays.
3. Calculation of beam envelopes with several options
for input and output formats.
4, Projection of element apertures back to the start
of the system.
5. Bending magnet edge effects.
6. Skew elements.
7. Easy change of units,
8. Built in editing for calculating from an existing
data file.
9. Updating of only variable elements for repeated
executions.
If the new features are not needed, BEAMTRC may be easier to

use for data entered directly from the teletype during execu-

tion because there are fewer parameters for each element.
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For work on a prepared file, however, ILRBOP is much easier
to use. The details of all features are given in the step
by step instructions for use. The notation used in the
examples 1s summarized by four conventions:

1. Items which are to appear exactly as shown are

written in capitals.

2. An item for which a substitution is required

is described in a lower case entry.

3. TItems typed by the user are underlined,

4. An optional item or a set of items from which

a single choice is made is enclosed 1n square

brackets [ 1.
All numbers are entered with decimal points and may either
be in F10.n format or in NCN "free" format where each number
is separated by commas and uses ten or fewer positions. A
zero entry can be represented by a null response for the
item, viz., Just a comma. In this manner fields which are
not relevant can be simply filled. An entry is terminated
by a carriage return denoted (CR). Units for the program
as compliled are transverse millimeters and milliradians,
longitudinal meters, rotations in degrees, fields in kG and
momentum in BeV/c. These units may be changed by changing
the assignment of conversion factors in the subroutine
READIN (see Appendix II for program listing). An example

of program use appears as Appendix I.
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I. SIGN ON

ILBOP is stored in executable form on the NCN system.
Sign on under 146 or your section ID if 146 is busy. The
execution command 1is:

?LRUN ILBOP [/1U46] (CR)

where /146 is used from other ID's.

I1. DATA SOURCE
A. The data source may be either a data file (DSK) pre-
pared in advance or the teletype keyboard (TTY). The
prompt and response are:

ENTER DATA SOURCE (DSK OR TTY)![DSK,TTY] (CR)

B. If the DSK option i1s chosen, one must gilive the name
of a file containing the data and control information
in the same form given below for TTY input:

DEFINE FILE 1 = file name (CR)

The information read from the file 1s printed after the

relevant prompt.

ITII. NUMBER OF TRANSPORT ELEMENTS AND CENTRAL MOMENTUM
The prompt and response are:

THE NUMBER OF ELEMENTS AND CENTRAL MOMENTUM! n,Dpy, (CR)

The response is n, the number of elements, and Pgs the refer-

ence momentum.

IV. CONTROL OPTIONS
The four quantities OPTION (I), I = 1,4 activate program

features and choose input and ouput options. A wvalue of zero
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for any OPTION (I) suppresses calculation and output relevant
to a corresponding program feature.

OPTIONS FOR MATRIX, TRACE, ENVELOPE, AND APERTURES!

Ny, Ny, Ngy Ny (CR)

Particular attention is called to the response
saddless
which specifies a beam envelope trace with input and output
variables chosen to be closely related to quantities measured
in a transport system adjustment.
A. Transfer matrix output.
l. n. = 1. 5 x 5 output.
2. n, = 2, Betatron function and equilibrium orbit.
This output 1s similar to SYNCH3 output.
B. Ray trace output.

n, is the number of rays to be traced.

2
INITIAL X, X', Y, Y', DP/P FOR TRACE OF n, RAYS
There are required n., entries of the form:

2
'x, x', ¥y, y', Ap/p (CR)

C. Beam envelope output. n3 =.Qm, a two-digit number,
where the first digit governs output form and the second

governs the i1nput form.
1. ' Input

a. m=1

INITIAL BEAM PARAMETERS WX, RX, EX, WY, RY, EY, WP

‘w r e_, W r

x2 T y? ey: Wp (CR)




-5 - TM-282
0100

w_ is beam half width in mm,
r is the correlation in x, x' (—13rXsl),
e_ 1s the area of the x, x' ellipse in mm mrad,
w.. is the beam half height in mm,
is the correlation iny, y',
is the area of the y, y' ellipse,
is the momentum half width Ap/pO in %,
Py is the momentum of the reference orbit.
There is also a request for the beam centroid.
The divergence displacements Cy and cy are assumed
to be zero.

BEAM CENTER CX, CY, CP! c , c , o

where
Cy is the horigzontal displacement of the beam
center from the reference orbit,
¢ 1s the vertical displacement of the beam
center from the reference orbit,
cp is the momentum difference from the refer-
ence momentum in %.

b. m=2
BEAM HALF WIDTHS WX, WX', WY, WY', WP

!wX, WX', Wy’ wy', wp (CR)

BEAM CENTER CX, CX', CY, CY', CP

1 1 1
le., e 's ¢ e, ey (CR)

y,
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INITIAL BEAM MATRIX IN INTERNAL FORM

944 (i=1,2,3,4,5; J=1,1) (CR)

The elements of the beam matrix o4 are

entered in lower triangular order one row per

line.
BEAM CENTER CX, CX', CY, CY', CP

c. ', ¢ (CR)

e c_ ! c
Py Ty p

where the c's are the components of the
displacement of the phase ellipsoid from the

reference trajectory.

d. m=14
INITIAL BEAM MATRIX IN TRANSPORT FORM
!wi,rij(i=l,2,3,4,5; J=1,i-1)

where the rij are the beam correlations

Tij = %15 01133
and L is the half width in the ith coordinate.
This form of input can be taken directly from
a TRANSPORT output.

Output

a. ﬂ,= 1

The beam envelope is output in a form consid-

ered closely related to measurable guantities.

printed quantities are Wes C

w
y

x° Tyo WX', wy c

where

W is the horizecntal beam half width in mm,

The
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Cx is the horizontal displacement of the beam
center from the reference orbit in mm,
r. is the correlation of x, x' (-1 sr <1),

WX‘ 1s the horizontal divergence half width in

mrad,
wy is vertical beam half width in mm,
cy is the vertical displacement of the beam

center from the reference orbit in mm,

r. 1s the correlation of y, y',

Wy' is the vertical divergence half width in
mrad.

The beam matrix ¢ 1s output in TRANSPORTLl
form, i.e., 1t 1s lower triangular with half
widths w; on the diagonal and correlations rij
off the diagonal (see IV-V.1(d) for definitions).
The last row contains the displacement of the
center of the beam ellipsoid from the reference
orbit.

c. L=3
The beam matrix elements, o,

ij°
lower triangular form. The last row printed is

are given in

the displacement of the center of the beam

ellipsoid from the reference orbit.
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V. PARAMETERIZATION OF THE TRANSPORT ELEMENTS
If the elements are being read from a data file, the user
is asked if he wishes to see a listing as they are read.
LIST ELEMENTS! [YES, NO] (CR)
If a YES is given, the elements are listed as they are read.
The file is read using the same formats used for TTY data.
A beam element has the nine parameters described in the para-
graphs A through I below. Each of these parameters has a
name which is used in data modification as described in Section
VI-B.3.
A. LABL a four-character label; it can be blank but
cannot be omitted.
B. T, the element type.
The type codes glven below may be prefixed with a
minus sign; when thils is done the element is designéted
as a changing element, and new values are prompted for
each recalculation from the data (see VI Data modification).
1. T = 1. Drift space.

2. T

2. Bending magnet.

The bending magnet can include no focusing at all,
at entrance only, at exit only, or at both entrance
and exit. It is, therefore, possible to represent
a real magnet by several type 2 elements in sequence
to get results inside the magnet and still treat the
edge focusing correctly.

a. T = 2. No edge focusing.

b. T

2.n. Entrance edge focusing included,
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where n is the number of 2. elements used to
represent the magnet.

c. T = 2.0n. Exit edge focusing included,
where n 1s the number of 2. elements used to
represent the magnet.

d. T = 2.11. Entrance and exit focusing included.

3- T

3. Quadrupole.
4, T = L4, Coordinate rotation.

This element is used to represent a skew element
by a three-element sequence with the element to be
skewed sandwiched between the skewing rotation and
ifs negative.

a. A downward bend is formed from a 2. element

between a +9Oo and a —9OQ.rotation.

b. An upward bend is formed from a 2. element

between a —90o rotation and a +90° rotation.

¢. A bend to the right is formed from a 2.

element between a +180° rotation and a -180°

rotation.
L, the length of the element in meters.
S, the strength of the element.
1. For a drift this field can be null (zero).
2. For bending magnets S is the field in kG.
3. For quadrupoles S is the gradient in kG/mm
with S > 0 horizontal focusing.

L, For rotations this is the rotation in degrees.
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l,for bend-

E. K, the profile parameter B'/BO in (mm)~
ing magnets. This parameter is not used for other
elements.
F. AH, the horizontal half aperture in mm.

If the aperture option is zero, this element is
not used.
G. AV, the vertical half aperture in mm used only when
the aperture trace option is active.
H. C, a conversion factor between arbitrary units of
excitation (e.g., amperes) and the proper units of S.
Thils feature is to assist in transport adjustment.
I. P, the output switch.

A non-zero P indicates that the output specified by

the options is desired for this element.

DATA MODIFICATION AND REPETITIVE CALCULATIONS

When data have been entered from a disk file, they are

subject to modification before the calculation begins. Data

entered from the TTY are processed once and then, like disk

data,

are subject to modification for further calculations.
A. Variable elements.
Elements which have been flagged by a negative type
code are considered changing elements and require redef-
inition for every calculation.

CHANGE EL#4

labl t £ k ah av ¢ p

tlgbel, type, length, profile, ay, a ¢, print (CR)

VAl




-11- TM-282
0100

The new values may be entered using commas to separate
numerical fields as usual or, for ease in verification,
they may be entered directly under the old values with-
out commas.

B. Changes indicated by code words.

After any variable elements have been redefined, the
user may change any program parameters by properly naming
what he wishes to change.

CHANGES BY NAME

ITEM #1! code word (CR)

Code word is a four-letter code. When the change corres-
ponding to a code has been effected, the "ITEM" prompt
is repeated with an incremented count. Code words recog-
nized by ILBOP are
1. DONE - No more changes; perform new calculation.
2. STOP - Leave the program.
3. label - The LABL parameter of any element. The
prompt and response for this code are:

PARAMETER! [T, L, S, K, AV, AH, C, P] (CR)

where the parameter to be changed is specified by one
of the codes defined in Sectlon V. The new value of
the parameter is entered after the old is printed out:

numerical value NEW VALUE = ! new value (CR)

4, ELMN - A transport element (possibly blank la-
beled) is to be changed. One must know the parameter
number (from 1 to 8 for T to P) and the element's

serial position in the system.
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INDICES! parameter number, element number (CR)

The changed value 1s then entered after the old
value.

numerical value NEW VALUE = ! new value (CR)

The INDICES prompt will be given for further element

changes. One signifies completion by null entries
INDICES!, ,(CR)

and returns to the ITEM prompt for a code word.

5. BEAM - Changes to be made in the beam envelope.

The form of prompts for the beam envelope changes is

determined by the current input option for the bean

envelope, the units digit, m, of the ENVELOPE option,

m.
a m=1
PARAMETER! [DONE, WX, RX, EX, WY, AY, RY, WP] (CR)
where these parameters are defined in IV-C.1l(a)
and DONE means no more changes, return to ITEM
prompt.
b. m=2

INDEX![1i = 1,2,3,4,5] (CR)

numerical value NEW VALUE = !yi
where these numbers label W through Wp, res-
pectively. A zero or null entry gives a re-
turn to the ITEM prompt

c. m= 3

INDICES! i, J (CR)
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numerical value NEW VALUE

= I[rij(i#j), w, (1=5)1(CR)

where
rij is a correlation and Wy is a beam half
width,
i=j=0 returns program to the ITEM prompt.

d. m=14
INDICES !'i, j (CR)
numerical value NEW VALUE = 044 (CR)
where Oij is the beam envelope matrix
element in internal form. The symmetric
element is automatically changed, i=j=0
returns the program to the ITEM prompt.

6. XVEC - Changes to be made in the rays for tracing.

INDICES !coordinate number, vector number (CR)

numerical value NEW VALUE = !coordinate (CR)
The coordinates are numbered from 1 to 5
for x, x', y, y', and Ap/p, respectively. A
zero or null coordinate number terminates the
ray trace updates.
7. NELM - Change the number of elements to be
included.

value NEW VALUE = !number of elements (CR)
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PZER - Change the momentum of the reference

trajectory.

10.

11.

value NEW VALUE = !momentum (CR)

DP/P - Change Ap/pO for aperture trace.

value NEW VALUE = !Ap/po (CR)

OPTN - Change program control options.

value1 Value2 Value3 valueu NEW VALUE

= !nl, Ny n3, n), (CR)

DATA - Change a known storage location.

INDEX !relative storage location (CR)

value NEW VALUE = !new value (CR)

Any item in storage may be changed by figuring

from the program the address of that item relative

to the beginning of blank common. See the program

listing in Appendix II.

GENERAL HINTS

Preparation of data base: The NCN1 context editor

may be used to rework the data base for permanent changes.

The data will be easier to manipulate if numerical values are

in F10.n format wlthout the commas used in free format.

2.

Satlsfylng repeated prompts. Various places in the

data modification routine prompts are repeated until the

user indicates he has completed all updating of a given type.

There are two different cases:
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a. Prompts for code word or parameter:
ITEM #n !DONE (CR)
PARAMETER !DONE (CR)
b. Prompts for numerical indilces:
INDEX !, (CR)
INDICES !,, (CR)
3. Getting out of the program:
ITEM #n !STOP (CR)
or anywhere in the program hold the control key down and
strike P. Then hit X to kill the job or C to continue

from where you left off.

REFERENCES
National Computer Network of Chicago, Inc., 1929 North
Harlem Avenue, Chicago, Illinois 60635.
J. A. MacLachlan, TM-193, NAL. |
A. A. Garren and J. W. Eusebio, UCID-10153, UCLRL.

K. L. Brow and S. K. Howry, SLAC-91.
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APPENDIX I--EXAMPLE OF PROGRAM USE
There follows below an example of the use of ILBOP for
the 200 MeV transport system. One finds here the use of a
5. element not described in the body of this note. This
element 1s a thin lens set 1n the middle of a drift space
and 1s used here to represent the RF defocussing of the final
few gaps of the LINAC. The parameters are

LAB a four character label

T 5.

L the length of the entire section

S the 2,1 element of the thin lens transfer matrix
K the 4,3 element of the thin lens transfer matrix

H=1648 TIME-SHARING

PLEASE IDENTIFY YOUR PROJECT
MACLACHLAN

9N AT 16:34 037087171

!19:08+««PLEASE LIST INFQ/1 F3R A VERY IMPIRTANT MESSAGE!
?LRUN ILB@GP/146
ENTER DATA SJURCE (DSK @R TTY)>! DSK

THE NUMBER @F ELEMENTS AND CENTRAL MOMENTUM
DEFINE FILEC(S)
1=4M200

31. 064400

dPTIONS FIR MATRIXs TRACE, ENVELJPEs AND APERTURES
O 0. 1. 0.

INITIAL BEAM PARAMETERS WXsRX>EXsWY»RYSEYs WP

68900 0.0000- 25.1310 S5.7400 0.0000 25.1200 0.1000
BEAM CENTER CXsCY,CP : '
0.00000 0.00000 0.00000
ELEMENTS: LABsTsLsSsKsAH»>AVSCHP
LIST ELEMENTS?! YES

TRANSPORT ELEMENTS ELCI)»I=1.,9



DT16

DT17

DT18

DT19

DT20

LBEK

a
BPW1

LBMS

6

LBMH

Q7

Q8

3PM9

LMV

49

3.00
5.00
3.00
5.00
1.00
5.00
3.00
5.00
3.00
1.00
1.00
1.00
3.00
1.00
1.00
2.00
1.00

3.00

1.00
2.11
1.00
3.00
1.00
3.00
1.00
1.00
4.00
2.11
4.00
1.00
3.00

0.0820
0.6800
0.1640
0.6920
0.1520
0.6920
0.1520
0.1520
0.7490
0.8500
0.5730
0.3000
0.3000
0«3450
1.0920
1.3340
0.3000
340957
0.4950
0+ 4460
0.3000
0.3250
0.3000
04500

07710

0.0000
03795
0.0000
449500
0.3000

0.0634
0.0437
~-0.0418
00437
0.0000
0.0437
~-0.0644
0.0437
0.1125
0.0000
0.0000
0.0000

-18.6000

0.0000
0.0000
868.0000

0.0000

32.9100
0.0000
362.0000
0.0000
-34.5600
0.0000
312400
0.0000
0.0000
90.0000
229.0000
-90.0000
0.0000
-26+¢4400

-17-

0.0000
0.0437
0.0000

- 0.0437

0.0000
00437
0.3000
0.0437
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
G.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00600
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

20.0000
100.0000
20.0000
100.0000
20.0000
100.0000

. 20.0000

100.0000

20.0000
100.0000
100.0000
100.0000

41.2700
100.0000
100.0000
100.0000
100.0000

4142700
100.0000
100.0000
100.0000

41.2700
100.0000

41.2700
100.0000
100.0000
100.0000
100.0000
100.0000
100.0000

41.2700

20.0000
100.0000
20.0000
100.0000
20.0000
100.0000
20.0000
100.0000
20.0000
100.0000
100.0000
100.0000
41.2700
100.0000
100.0000
100.0000
100.0000
412700
100.0000
100.0000
100.0000
41.2700
100.0000
41.2700
100.0000
100.0000
100.0000
100.0000
100.0000
100.0000
41.2700

TM-282
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1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
G.00182
1.00000
1.00000
0.00368
1.00000
0.00182
1.00000
0.01240
1.00000
0.00182
1.00000
0.00182
1.00000
1.00000
1.00000
0+05515
1.00000
1.00000
0.00182

0.
O.
O
O.
Q.
0.
O
O.
O,
O
O.
O
O«
1.
O
O
0.
O
O.
O«
Oe
O
O.
O.
1.
O.‘
0'
O
O
O.
1.
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CHANGES BY NAME
ITEM # 1! BEAM

PARAMETER! RX
0.0000 NEW VALUE=! .2
PARAMETER! DONE
AVFLs CSQRT)
ITEM # 2! DONE
RESULTS FOR EL= 14 LABELD BPWl
ENVELOPE IN WXsCXsRXsWXP/ZWYsCYs»RYsWYP
2.98982E 00 0.00000E-01 5.93587E~01 3.47063E 00
9.84801E 00  0.00000E-01 =-9.48181E-~01 2.87479E 00
RESULTS FOR EL= 25 LABELD BPM9
ENVELOPE IN WXsCXsRX»WXP/WYsCYsRY»WYP

2+79016E 01 0.00000E~-01 -9.67340E-~01 1.18105E 0O
8e416281E 00 0.00000E-01 =-9.28557E-~01 2+96880E 00

RESULTS F@R EL= 31 LABELD Q9

ENVELIPE IN WXsCXsRXs>WXP/WYsCYsRYsWYP
2.65629E 00 0.00000E-01 ~-3.33903E-~01 3+33608E 00
1.07493E O1 0.00000E-01 -9.83333&~01 4+64753E Q0

CHANGES BY NAME
ITEM # 1! STOP

ST3P»

70FF ,

JFF AT 16341 03708771
COMPUTE SECe. = 10.7
CONNECT MIN. - 07
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ILB@P INTERACTIVE BEAM @PTICS 3/7/71

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440

450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650

100
110

114
115

200
1010

1020
1030

10

COMMON // EL(95100)5,TL(555)5T(52s5),BEAM(5,5)sCENTER(S) »
XC(5510) s XNELMsP0OsDP,OPTIONC4)

DIMENSI@N LABEL(2)

EQUIVALENCE (LABELC1),XLABEL)

WRITE(95,1010)

READ(951020) INPUT

NPUT=1

IFCINPUTSEQ. *TT ') NPUT=9

CALL READINC(NPUT)

IF(NPUT+EQ.9) GO T@ 110

CALL M@DS

D@ 115 I=1,5

D2 114 J=1,5

TCI>J)=0.

TCIsId)=1.

NELM=XNELM

D@ 200 NL=1,NELM

XLABEL=ELC1,NL)

IFCELCI9sNL) «GTe0«)WRITE(9,1030) NL,LABEL

NOPT4 =0PTIGNC4)I*EL(9,NL)

IF(NGPT4+GT«0) CALL APERTCELC1sNL)sDP>T»3PTIONC4))

CALL MATRIXCELC1,NL)»>TL»PO)

CALL MATMULCTLLT>T)

IF(NIPT4+GT«0) CALL APERTC(ELC15NL)»DP»T»>3PTIGNC4))

IFCOPTIONC2)YXELC(9sNL) e GTo0+) CALL TRACE(X,T»0PTIZN(2))

IFCOPTIONC3I*®ELCIsNL) « GTe04)

CALL ENVEL(BEAMsCENTERs>T»2PTIONC3))
IFCOPTIONCII*ELCI>NL) e GT+0e) CALL MATIUTC(TSOPTIONC1))
CONTINUE
Ga T3 100
FZRMATC( 'ENTER DATA SQURCE (DSK @R TTY)>")
FORMATCA2)

F@RMAT(/, *RESULTS FO3R EL=',13,' LABELD',1X2A2/)

END :

SUBROUTINE READINCNPUT)

CIMMAN 7/ EL(95100)5TL(555)5T(555)sBEAM(5,5)>CENTER(5)»
XC¢5510) s XNELMsPOs»DP»3PTIONC4)

COMMON ZUNITS/ UNIT(6)

DIMENSIZN BELIPSC7),LABEL(2)

EQUIVALENCE (XLABELsLABEL(1))

UNITC1)=.001

UNITC(2)=.001

UNITC3)=1.

UNITC4)=.01

UNIT(5)=.0174573

UNITC6)=1.

WRITEC951010)

READC(NPUT»1020) XNELM»sPO

IF(NPUT.NE+9) WRITE(95,1020) XNELM,PO

WRITE(9,1030)

READ(NPUT »1040) QPTION

IFC(NPUT+NE«9) WRITE(951040) BPTIGN

IFC(IPTIBNC(3)«EQe«0e) G@ T@ S0 '

NEXT=M@DC(IFIXCOPTION(3)),10)

G3 TO (10,20530540)sNEXT

WRITE(95,1042)
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660 READC(NPUT>1045) BELIPS
670 CALL SIGMA(BELIPS,BEAM) :
680 IF(NPUT+NE«.9) WRITE(9,1045) BELIPS
690 WRITE(9,1047) ‘
700 READ(NPUT»1060) CENTER(1),CENTERC3),CENTER(5)
710 IF(NPUT+«NE«9) WRITE(9,1060) CENTER(1),CENTER(3),>CENTER(S)
720 CENTER(2)=0.
730 CENTERC4)=0.
740 G@ T2 50
750 20 WRITE(9,1050)
760 D@ 23 I=1,5
770 - D@ 23 J=1,5
780 23 BEAMCI»J)=0.
790 READ(NPUT»1060) (BEAMCI»I)s I=1,5)
800 IF(NPUTeNE«9) WRITE(C951060) (BEAMCIsI)s I=1,5)
810 WRITE(9,1055)
820 READ(NPUTs1060) CENTER
830 D@ 25 1=1,5
840 25 BEAMCI>I)=BEAMCI,I)**2
850 Ga Ta S0
860 30 WRITEC951070)
870 DO 35 I=1,5
880 READ(NPUT»1060) (BEAM(I»J)> J=1,1)
890 IF(NPUTeNE«9) WRITE(951060) (BEAM(IsJ)s J=1s1)
900 IMI=I-1
910 IFCIM] «EQ.0) G@ T@ 35
920 D? 34 J=1,1IM1
930 34 BEAMCJsI1)=BEAMCI>J)
940 35 CONTINUE
950 WRITE(951055)
960 READ(NPUTS1060) CENTER
970 IF(NPUT.NE-9) WRITE(9,1060) CENTER
980 G2 T2 50
990 40 WRITE(951080)
1000 READ(NPUT»>1060) BEAM(1,1)
1010 IF(NPUT.NE«9) WRITE(9,1060) BEAM(151)
1020 D3 42 1=2,5
1030 IMl=I-1
1040 READ(NPUT»1060) BEAMCI>I)s(BEAMCI>J)s> J=1,1IM1)
1050 42 IF(NPUTNE«9) WRITE(9,1060) BEAMCI,I)»>(BEAMCI»J)s J=1,1IM1)
1060 DO 44 1=2,5 :
1070 IMI=1I-1
1080 D@ 44 J=1,1IM1
1090 BEAMCI,J)=BEAMCI»J)*BEAMCI, I)*BEAMCJ,J)
1100 44 BEAM(JsI)=BEAMCI,J)
1110 DO 46 1=1,5
1120 46 BEAMCIs>I)=BEAMCI,I)*%*2
1130 WRITE(9,1055)
1140 READ(NPUT»1060) CENTER ,
1150 IF(NPUT+NE+9) WRITE(9,1060) CENTER
1160 50 IFCBPTIONC2).LE.O) GO T3 60
1170 NOPT2=0PTION(2)
1180 WRITE(9,1090) NBPT2
1190 D@ 55 J=1,NOPT2
1200 READC(NPUT»1060) (XCI»J)» I=1,5)

1210 55 IF(NPUTeNE«9) WRITE(95,1060) (X(IsJ)» I=1,5)
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1220 60 IFC(OPTIONC4)«LE.Q.) GO T2 70

1230 WRITE(9,1100)

1240 READ(NPUT»1110) DP

1250 IF(NPUT+NE«9) WRITE(95,1110) DP

1260 170 NELM=XNELM V

1270 WRITE(9,1115)

1280 D@ 75 NL=1,NELM

1290 READ(NPUT,1120) LABELs(ELCI,NL)», 1=2,9)
1300 ELC1,NL)=XLABEL

1310 75 CONTINUE

1320 IF(NPUT.EQ+9) G& T@ 110

1330 - WRITE(9,1125)

1340 READ(9,1130) LIST

1350 IFCLIST«.EQ.'NG") G@ T3 110

1360 WRITE(951140)

1370 ‘ D@ 80 NL=1,NELM

1380 XLABEL=ELC(1l »NL) .
1390 80 WRITE(9,1120) LABEL,(CELCI.NL), 1=2,9)

1400 110 RETURN

1410 1010 FIRMATC'THE NUMBER 9F ELEMENTS AND CENTRAL M@MENTUM'/)
1420 1020 FORMAT(F10.0sF10.5)

1430 1030 FURMAT('IPTIGNS FOR MATRIX» TRACE, ENVELIPEs AND APERTURES")
1440 1040 FORMAT(4F10.0)

1450 1042 FJIRMAT('INITIAL BEAM PARAMETERS WXsRXsEXsWYsRYSEYsWP',/)
1460 1045 FIRMATC(TF10+4)

1470 1047 FORMAT('BEAM CENTER CX»CY>CP'")

1480 1050 FORMATC'INITIAL BEAM HALF WIDTHS AND CENTERs '/)
1490 1055 F3RMAT('BEAM CENTER CXsCX''>CYsCY''sCP's/)

1500 1060 FORMAT(5F10.5)

1510 1070 FORMATC'INITIAL BEAM MATRIX IN INTERNAL F3RM,s '/)
1520 1080 FORMAT('INITIAL BEAM MATRIX IN TRANSPORT F@RM's/)
1530 1090 FORMATC'INITIAL XsX''sYsY''sDP/P FOR'512,"' RAYS'S/)
1540 1100 FORMAT('DELTAP/P FOR APERTURE PRQJECTI3N®)

1550 1110 FORMAT(F10.7)

1560 1115 FARMAT('ELEMENTS: LABsTsLs»S»KsAHLAVLICsP /)

1570 1120 FOARMAT(2A2sF66255FF:¢45F9455F640)

1580 1125 FIRMATC('LIST ELEMENTS?*")

1590 1140 FORMAT('TRANSPBRT ELEMENTS ELCI)»I=1,9',/)

1600 1130 FIRMATC(AZ)

1610 END

1620 SUBRIUTINE SIGMA(BELIPS,BEAM)

1630 COMMIAN /UNITS/ UNIT(6)

1640 DIMENSISN BEAM(5,3),BELIPS(T)

1650 DATA PILHALFPI /3.14159351.570796/

1660 D3 50 I=1,5

1670 D@ 50 J=1,5

1680 50 BEAM(I-J)=0.

1690 « TRACE 200

1700 BEAM(1,1)=BELIPS(1)*%%2

1710 BEAM(353)=BELIPS(4)%%2

1720 BEAM(5,5)=BELIPS(T7)*%2

1730 EPSXSQ@=(BELIPS(3)/PL)*%2

1740 BEAM(2,2)=EPSXSQ/((1«-BELIPS(2)**2)*%BEAM(1,1))

1750 BEAM(152)=SIGN(SORT(BEAM(]1s1)%¥BEAM(2,2) -EPSXSQ)»BELIPS(2))
1760 BEAM(2,1)=BEAM(1,2)

1770 EPSYS@=(BELIPS(6)/PI)*%2
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ITERACT

BEAM(4,4)=EPSYSQ/7((1+=-BELIPS(3)**%2)*xBEAMC3,3))
BEAM(3,4)=SI1GN(SAQRT(BEAM(3,3)*%BEAM(4s4)=EPSYSR),BELIPS(5))
BEAM(4,3)=BEAM(3s4)

200 RETURN
END

+

SUBRAUTINE M@DS
COMMOBN /7 EL(95100),TL(S55)5T(5,5),BEAM(555)sCENTER(S) »
X(5,10)sANELMsPOsDP,OPTIGNC4)
DIMENSION XLABL(14),LABL(28),LABEL(2),DAT(1037)>BELIPS(T7)
INTEGER PARM(C7),PMTR(8)sPARAM

EQUIVALENCE (EL(l:l):UAI(I)):(XLABEL:LABEL(])):

+ (LABL(1),XLABL(1))

DATA LABL /'EL's "MN','BE "5 "AM'5> 'CN'5» 'TR"'s "XV '5> "EC*5 "NE *»> 'LM"’
+ 'PZ':'ER':‘DP':‘/P':'@P':'TN':'N@':‘ '»'NO "', "NE"’S
+ ‘DO, '"NE'5 'QU "', "IT*5 'ST"5> '3P"'» DA’ 'TA Y/

DATA PMTR /'T"'s'L"'»"'S" 'K' *AH's AV, 'C s ‘P '/
DATA PARM /'WX's 'RX’', 'EX':'WY':'RY':'EY','WP'/
NELM=XNELM '
ITEM=0
DY 25 NL=1sNELM
IFC(ELC(2sNL) «GT«0e) G8 T2 25
XLABEL=EL(1,NL)
WRITE(9,1010) NL,LABEL,(EL(I»NL)> I=2,9)
READ(9,1020) LABELL(ELCIsNL)» 1=2,9)
ELC1sNLY=XLABEL
25 CaNTINUE
30 WRITE(9,1030)
35 ITEM=ITEM+1
WRITE(9,1035) ITEWM
READ(9,1040) LABEL
D@ 50 NL=1,NELM
IF(XLABEL «EG. EL(I,NL)) Go Ta 100
20 C@NTINUE
byg 60 1Q@=1,14
IF(XLABEL+E@«XLABLCIQ)) G@ Ta 200
60 CONTINUE
WRITE(9,1050) LABEL
G@ Ta 35
100 WRITE(9,1055)
READ(95,1045) PARAM
D3 110 I=1s8
IF(PARAMEQ+PMTRC(I)) G2 T3 115
110 CONTINUE
WRITE(9,1060) PARAM
Gg Tg 100
115 I=I+1
WRITE(951080) ELCI»NL)
READ(9,1070) ELC(IsNL)
Ga T@ 35
200 G@ T3 (250,3505,40054505,5005550,600,650, 700,
700, 70057505 750,800, IQ
250 WRITE(9.1072)
READ(9,1070) XI.XJ
I1=X1
IFC(I.EQ.0) G& T 30
I=1+1
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2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2710
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890

350

351
352

353

354

355

360

370

380

385

J=XJ
WRITE(95,1080) ELCI»J)
READ(C9,1070) ELCI,J)
GB TO 250
NOPT3=M@DC(IFIXCOPTIONC3))»10)
G@ T@ (3515360,370,380)s NUPT3
CALL ELIPSE(BEAMsBELIPS)
WRITE(951055) '
READ(9,1045) PARAM
D@ 353 I=1,7 ) .
IFC(PARAM.EQ.'D3") G3@ T3 35%
IFC(PARAMEQ«PARMCI)) GO T3 354
CONTINUE _
WRITE(951060) PARAM
G2 T@ 352
WRITEC951080) BELIPSCI)D
READ(9,1070) BELIPSCI)
Go T® 352
CALL SIGMA(BELIPS,BEAM)
Ga@ T@35
WRITEC951074)
READ(9,1070) XI
I=X1I
IFCI+EQ.0) G@ T@ 35
W=SQRT(BEAMCI,I))
WRITE(9,1080) W
READ(951070) W
BEAMC I, I)=Wkx2
Gg T@ 360
WRITEC9,1072)
READ(9,1070) X1,XJ
I=XI
IFC(I.EQ.0) GB T@ 35
J=xXJ
WRITE(951080) BEAMCI,J)
READ(9,1070) BEAMC(CI,J)
BEAM(J» 1)=BEAMCI,J)
G@d T@ 370
WRITE(951072)
READ(951070) XI»XJ
I=X1I
IFCI.EQ.0) G& T@ 35

J=XJ-=1

IF(J+EQ.0) G@ TG 385
SQARRT=SQRT(BEAMC I, I)*BEAMCJ,.J))
CORIJ=BEAMCI»J)/SQARRT
WRITE(951080) CORIJ
READ(9,1070) CORIJ
BEAMCI5J)=C@RIJ*SQARRT
BEAMCJ» I)=BEAM(I»J)
G@ T@ 380
W=SQRT(BEAM(CI»1))
WRITEC951080) W
READ(9,1070) W
BEAMCI» I)=Wk%x2
Ga T@ 380

TM-282
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2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450

400

450

500

550

600

650

700
750
800

1010
1020
1030
1035
1040
1045
1050
1055
1060
1070
1072
1074
1080
1085

SUBRGU
CaMM@N
DIMENS
DATA P
BELIPS

WRITE(9,1074)
READ(9,1070) X1

I=X1

IFC(I.EQ.0) G@ T@ 35
WRITE(9,1080) CENTERC(CI)
READ(9,1070) CENTERCI)
G@ Td 400

WRITE(9,1072)
READ(9,1070) XI,»XJ

I=X1
IFC(I.EQ.0) G@ T@ 35
J=XJ '

WRITE(9,1080) X(1,J)
READ(951070) X(I»Jd)

Ggd T@ 450

WRITE(9,1080) XNELM
READ(9,1070) XNELM

G@ T@ 35

WRITE(9,1080) PO
READ(9,1070) PO

Gd Ta 35

WRITE(9,1080) DP
READ(9,1070) DP

Gd Ta 35

WRITE(95,1085) @PTION
READ(9,1070) @PTIGN

Gg T@ 35

RETURN

STapr

WRITE(951074)

READ(9,1070) XI

I=X1

IFCI«EQ.0) G3 T@ 30
WRITE(9,1080) DAT(I)
READ(9,1070) DATCI)

Ga T3 800

FORMAT( '"CHANGE EL='s13/2X2A25F6¢255F9¢45,F945,F64.0/)
FORMAT(2A2,F6¢255F9¢45F9+5,F64+0)
FORMAT(/s "CHANGES BY NAME ')
FORMATC"ITEM #°,12)
FARMAT(2A2)

FORMAT (A2)

FORMAT( 'LABEL= ',2A2, "' NOT RECIGNIZED. TRY AGAIN. ')

FORMAT ¢ 'PARAMETER *) ,

FORMAT( "PARAM="',A2, ' N@T RECOGNIZED. TRY AGAIN«')

FORMATCTF10.4)

FORMAT( 'INDICES ")

FORMATC *INDEX ")

FORMATC(F10+45' NEW VALUE=")

FORMATC(4FS5.0, ' NEW VALUE=")

END

TINE ELIPSE(BEAM,BELIPS)
ZUNITS/ UNIT(6)

10N BEAM(5,5),BELIPS(T)

1 /73.14159/
(1)=SQRT(BEAM(151))

TM~-282
0100
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3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3630
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
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3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010

7 -25-
INTERACTIVE BEAM @PTICS 3/7/71

BELIPS(4)=SQRT(BEAM(3,3))
BELIPS(7)=SQRT(BEAM(5,5))
B1B2=BEAM(1,1)*¥BEAM(2,2)
BELIPS(2)=BEAM(1,2)/SQRT¢B1B2)
BELIPS(3)=PI*SART(B1B2-BEAM(1,2)*%2)
B3B4=BEAM(353)*BEAM( 45 4)
BELIPS(5)=BEAM(3:4)/SQRT(B3B4)
BELIPS(6)=PI*SQRT(B3B4~-BEAM(3,4)%*2)
RETURN
END
SUBROUTINE APERTC(ELsDPsT»JPTION)
DIMENSIOGN ELC9)5T(555)sR(554)>TINV(555),AC4),BC4)
CoMMON ZUNITS/ UNIT(6)
DATA ITIMES /-1/
ITIMES=-1%ITIMES
IFCITIMES.LT«0) GO T3 S
WRITE(9510102
WRITE(951014)
GO Td 6
S WRITE(9,1018)
6 DXP=.0017UNIT(2)
RCis1)=ELC(E)
R(251)=0.
RC35,1I)=ELC(T)
RC(4513=0.
R(5,1)=DP
RC(1,2)=EL(6)
R(2,2)=DXP
R(3,2)=ELC(T)
R(4,2)=DXP
R{5,2)=DP
RC(15,3)==EL(6)
R(2,3)=0.
R(3,3)==-ELCT)
RC453)=0.
R(5»3)=DP
RCls4)==-EL(6)
R(254)=DXP
R(3,4)==EL(T)
R4 4)=DXP
R(S5s4)=DP
D@ 10 I=1,5
D@ 10 J=1,5
10 TINVCILJ)=TCL1>d)
CALL MATINVC(TINVsRs4)
IFCOPTION.GT.1) G@ TA@ 25
WRITE(951020) (CRCI»JI)sRCI+15J)s J=154)s [=153,2)
RETURN
25 INDEX=0
D@ SO I=1,3,2
D@ 50 J=1,3,2
INDEX=INDEX+1
DYDX=(RCI+1,Jd+1)=-RCI+1,J))/(RCI>J+1)-R(1,J))
ACINDEX)=R(I»J+1)~RCI+1,J+1)/DYDX
50 BCINDEX)=RC(I+1,J+1)-R(I1,J+1)%DYDX"
WRITE(9,1030) CACI)sBCI)s I=1,4)

TM-282
0100
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4020 RETURN

4030 1010 FORMATC('APERTURE PROJECTION®)

4040 1014 FORMAT("ENTERANCE ")

4050 1018 F@RMATC'EXIT?®)

4060 1020 FORMATC'H'51P4E15.6/1X4E1566/ 'V '54E15.6/1X4E15.6)
4070 1030 FORMATC'H INT'51P4E15.67°'V INT'54E15.6)

4080 END

4090 SUBROQUTINE MATINV(A>RsN)

4100 DIMENSION A(555)>R(55sN)sSTIRE(S)
4110 SAVE=A(1,35)

4120 AC1,5)=AC1,2)%A(2,5)-SAVE*A(2,2)
4130 AC255)=SAVE*A(2,1)~AC2,5)%A(1,51)
4140 SAVE=A(3,5)

4150 A(3s5)=AC35,4)*%AC455)-SAVE*A(4,4)
4160 AC455)=SAVE*A(4,3)~AC453)*%A(3,3)
4170 SAVE=AC1,1)

4180 ACl1,1)=A(252)

4190 A(2,2)=SAVE

4200. A(1,2)==AC1,2)

4210 A(2,12==A(2,51)

4220 SAVE=A(3,3)

4230 AC3,3)=AC454)

4240 AC4,4)=SAVE

4250 A(35,4)=-A(3,54)

4260 AC4,3)=-A(4,3)

4270 IF(N+EQ«O)RETURN

4280 D@ 20 I=1,N

4290 DG 15 Jd=1,5

4300 STORE(JI=0+

4310 D3 15 K=1,5

4320 15 STORE(JI=STORE(JII+A(JsKI*R(K> 1)
4330 D@ 20 Jd=1s5

4340 20 RCJs»1)Y=STARE(J)

4350 RETURN

4360 END

4370 SUBRGUTINE MATRIXC(EL,T-P)

4380 COMMBN /ZUNITS/ UNIT(6)

4390 DIMENSIOGN EL(9),T(5,5)

4400 KIND=IABSC(IFIXC(ELC2)))D

4410 CP=.02997925/(P*UNIT(6))

4420 D@ 50 I=1,5

4430 D3 49 J=1s5

4440 49 TCI5J)=0.
4450 50 T(isI)=1.

4460 Gd T@ (100,200,3005,400,500)5,KIND
4470 100 ZL=EL(3)>*UNIT(3)
4480 TC1,2)=Z0L

4490 T(3,4)=ZL

4500 Gd T@ 600

4510 200 ZL=EL(3XY*UNIT(3)
4520 H=CP*EL(4)*EL(8)
4530 TEMP=H+EL(5Y/UNIT(1)
4540 XK=SQRT(H*ABS(TEMP?))
4550 KRA=ZL*¥XK

4560 IF(TEMP) 222,224,226

4570 222 EX=.3*EXP(XX)
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224

226

228

230

232

234

236

238

260

REX=.25/EX
C=EX+REX

S=EX-REX

SIGN=1.

Gad To 228
T1s2)=ZL
T(255)=TC(152)%H
TC155)=T(255)%e5%H
Gg T 230
C=CE8S(XX)
S=SINCXX)

SIGN=~1.

TC(ls1)=C
T(1,2)=5/XK
TC1s5)=C1+-CO)/TEMP
T(251)=SIGN*XK*S
T(2,2)=C
TC(2,3)=H*T(1,2)
TEMP==EL(S)/ZUNIT(1)>
AK=SQART(ABS(H*TEMP))
XX=ZL*XK

IF(TEMP) 23252345236
EXZ« 5kEXP(XX)
REX=.25/EX
C=EX+REX

S=EX-REX

SIGN=1.

Gg Ty 237
T(3,4)=2L

G0 Ty 238
C=CBS(XX)
S=SINCXX)

SIGN==1.

T(353)=C
T(3,4)=S/XK
TC4,4)=C
TC(453)=SIGN*S*XK

TEMP=ABS(EL(2))~FL3AT(KIND)+.001

IF(TEMP«LT+e1) G3 T@ 250
ITEMP=TEMP*10. ’
ZL=0.

D 240 I=1,ITEMP
ZL=ZL+EL(9%1-6)

ARG=e 5%H*ZL
EDGE=H*SINCARG)/C38S(ARG)
TC1,1)=TC151)+EDGE*T(152)
T(2,1)=T(2,1)+EDGE*T(2,2)
TC(323)=T(3,3)-EDGE*T(3s4)
T(45,3)=TC453)-EDGE*T (45 4)
TEMP=TEMP=.1
IF(TEMP«LT.«009) G3 T@ 600
ITEMP=100+*%TEMP

ZL=0.

DY 260 I=1,ITEMP
NEG=12-9%]

ZL=ZL+EL(NEG)

TM-282
0100
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5140 ARG=«5kH*ZL
5150 EDGE=H*SINCARG)/C3S(ARG)
5160 TC251)=T(2,1)+EDGE*T(151)
5170 T(2,2)=T(2,2)+EDGE*T(1,2)
5180 T(255)=T(255)+EDGE*T(155)
5190 TC45,3)=T(453)-EDGE*T(353)
5200 TC454)=TC454)~EDGE*T(354)
5210 G T@ 600
5020 300 TEMP=CP*ELC4)%*ELC(8)/UNIT(1)
5230 XK=SQRTCABS(TEMP))
5240 XX=EL(3)*UNITC(3)*XK
5250 EX=eSXEXP (XX)
5260 - REX=e25/EX
5270 IFCTEMP+GT+0+) G3 T@ 345
5280 SX=EX=-REX
5290 CX=EX+REX
5300 CY=CAS(XX)
5310 SY=SINCXX)
5320 SIGN=1.
5330 Gd T3 350
5340 345 CX=C3SCXX)
5350 SX=SINCXX)
5360 CY=EX+REX
5370 SY=EX~=REX
S380 SIGN=~1.
5390 350 T(1s,1)=CX
5400 T(1,2)=8SX/XK
5410 T(251)=SIGN*XK*SX
5420 T(252)=CX
5430 T(3,3)=CY
5440 T(3,4)=SY/XK
5450 T(453)=~-SIGN*XK*SY
5460 TC454)=CY
5470 G@ T3 600
5480 400 XX=ELC4)*UNIT(5)
5490 C=COS¢XX)
5500 S=SINCXX)
5510 D@ 410 I=1,4
5520 410 TCI,I)=C
5530 TC123)=S
5540 TC(2,4)=S
5550 T(351)=-S
5560 T(4,2)=-5
5570 RETURN

5580 % THIS ELEMENT N@T DESCRIBED IN TM=-282 IS A THIN LENS IN THE MIDDL
5590 % @F ADRIFT T@ PUT IN RF DEF@CUSSING

5600 * THE PARAMETERS ARE T»LsR(251)5R(453) ASSUMED IN CIRRECT UNITS
5610 500 ZL=EL(3>/2.

5620 ZH=ZL*ELC4)

5630 ZV=ZL*¥EL(S)

5640 TCla1)=1e+ZH

3650 TC152)=2L*%(2e+ZH*ZL)
5660 TC(25,13=ZH

5670 T(2,2)=T(1,1)

5680 T(353)=1.+2ZV

3690 T(354)=ZV*(2e +ZV*ZL)
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5700
5710
5720
5730
5740
3750
5760
5770
5780
5790
5800
5810
5820
5830
3840
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170

6180

6190
6200
6210
6220
6230
6240
6250

600

100

150

10
100

1010
1020

100

150

TC453)=2ZV

TC454)=T(353)

RETURN

UN21=UNIT(2)/UNIT(1)
UN41=UNITC4)/UNITC1)
UN42=UNITC4)/7UNIT(2)
TC152)=T(1s2)%UN21
TC155)=TC155)%UN41
T(2,1)=T(251)/7UN21
TC2,5)=T(255)%UN42
TC354)=T(354)*%UN21
TC453)=T(453)/7UN21

RETURN

END

SUBROUTINE MATMULCA»B,C)
DIMENSION A€S555)5B€555)5C(555)5D(555)
D@ 100 I=1,5

D3 100 J=1.,5

DCIsJ)=0.

D@ 100 K=1,5
DCIsJY)=DCI>J)+ACILKI*B(K»J)

DO 150 I=1.,5

D@ 150 J=1,5

CCIsJdd)=DCI5J)

RETURN

END

SUBROUTINE TRACE(X>T,2PTION)
DIMENSI@N T(555)5X(551)5STORE(S)
NRAY=OPTI®N

WRITE(C951010)

D2 100 NR=1,NRAY

D@ 10 I=1,5

STORECI)=0.

D2 10 J=1,5
STORECI)=STORECII+TCI»J)*XC(JsNR)
WRITEC951020) NRs»(STORECI)»I=1,5)
RETURN '

FORMATC 'RAY TRACE (X>X''>Y>Y'',DP/P)")
FORMATCI55,5F10.3)

END

SUBROUTINE ENVEL(BEAMsCENTER»T»3PTIGN)

- TM-282
0100

DIMENSIG@N BEAM(555)sCENTERC(S)sT(555)5B(555)2,A(5,5)5C(%)»

BELIPS(T)
NOPT=@PTIBN/10.

D2 100 I=1,5

D3 100 J=1,5

ACI»J)=0.

D@ 100 K=1,5
ACT»JIZACI-J)+TC(IsKI*BEAM(K, J)
DO 150 I=1,5

DG 150 J=1,5

BCI,J)=0.

D3 150 K=1,5
BCIsJ)SACLsKI*TCJsKI+BCI»J)

D3 175 I=1,5

CCI)=0.
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6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
6440
6450
6460
6470
6480
6490
6500
6510
6520
6530
6540
6550
6560
6570
6580
6590
6600
6610
6620
6630
6640
6650
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810

175

200

300
325

327
330

400
410
1010
1015
1020

1030
1040

100

200

D3 175 J=1,5

CCI)=CC(IX+TCL,JI*®CENTERC(D)

Gd T (200,300,400),NAPT

CALL ELIPSE(BLBELIPS)

WRITE(9,1010)

WXP=SAQRT(B(2,2))

WYP=SQRT(B(4s4)) ‘

WRITE(9,1015) BELIPSC(1),C(1),BELIPS(2),WXP>»
BELIPS(4)sC(3),BELIPS(S5)sWYP

RETURN

D@ 325 I=1,5

ACILI)=SQRT(B(I-1))

D@ 327 1=2,5

IMI=1-1

D@ 327 J=1,s1IMi

ACIs»JI=BC(IsJ)/CACI>I)*ACI>J))

WRITEC95>1030)

D2 330 I=1,5 :

WRITEC951020) C(ACI»J)s J=1,1)

WRITE(9,1020) C

RETURN

WRITE(9,1040)

Dd 410 I=1,5

WRITE(951020) (BC(IsJ)» J=1,1)

WRITE(9,1020) C

RETURN

FORMATC( "ENVELGPE IN WXsCXsRXsWXP/WYsCY»RY>WYP'")

FORMATC(1IP4E14.5)

FORMATCIPSE14.5)

FORMAT( "ENVELGPE IN TRANSPORT F3ZRM")

FORMATC( "ENVELBPE IN SIGMA FORM')

END

SUBRQUTINE MATOUTC(TL,OPTION)

DIMENSION T(5,5)

NOPT=@PTIGN

G3d T@ (100,200),NOPT

WRITE(95,1010)

WRITE(951020)C(TCI>J)sJ=155)51=1,55)

RETURN

WRITE(951030)

CASMUX=(TC(151)+T(2,2))/2.

MUX=ATANZ2(SART(]1 « -CASMUX*%2) »COSMUX)

SINMUX=SINI(MUX)

ALPHAX=(T(1,1)=-COSMUX)/SINMUX

BETAX=T(1,2)/SINMUX

GAMMAX==T(2,1)/SINMUX

REQ=CT(155)+T(152)%T(255)-TC(2,2)%T(155)3/7C1.~-COASMUX)

APEQ=(TC2s5)+TC(251)%TC155)=TC151)%T(255))/C1«~CASMUX)

CASMUY=(T(3s3)+T(454))/2.

MUY=ATAN2(SQRT(1 . -COSMUY**2) ,CISMUY)

SINMUY=SINI(MUY)

"ALPHAY=(T(3,3)-C3SMUY)/SINMUY

GAMMAY=-T(4,3)/3INMUY

YEQ=CT(3,5)+ T(354)*%T(455)-T(454)%T(3,5))/(1.-CASMUY)
YPEQ=(TC(455)+ TC(451)%T(3,5)-T(353)%TC(455))/(1+.=-COSMUY)
WRITE(951040)BETAX>ALPHAX s GAMMAX » MUX» XEQ» XPEQ
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1010
1020
1030
1040

WRITEC(9,1040)BETAY>ALPHAY, GAMMAY MUY > YEQ, YPEQ
RETURN

FORMATC( *TRANSFER MATRIX®)

FORMATC(1PSE1445)

FORMAT( 'BETATRON FUNCTI@NS ETC."')
FORMAT(1P6E11.3)

END
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